ABSTRACT: This paper presents a case study of resilience theory to understand agricultural systems in the Luancheng County of the North China Plain. A dynanic system model coupled with social, economic and ecological subsystems of agriculture for the Luancheng County was constructed with a time step of one month. The model includes five main components, water resources, profitability, irrigation, crop yield and area. The simulated groundwater table, wheat area and yield, maize area and yield, and rural labor transfer reflected the general trend of the observed data, with calculated determination coefficients higher than 0.88. Resilience of agricultural systems, as indicated by agricultural profitability and food security, were explored for the Luancheng County. Initially, investments in agriculture increased its resilience rapidly. However, with the degradation of resources and the increases in agricultural investment, the cost of agricultural production became too high to gain profit. The rise in population increases the risk of food security. As a result, the resilience of agricultural systems decreased gradually. The Luancheng County is now in the conservation phase of the adaptive cycle. Partial adjustments should be introduced to enhance its resilience and promote the continuing development of the agricultural systems. Key words: agricultural management, water resources, food production, natural and socioeconomic systems
Introduction
Due to the nonlinea changes in system behavior, external disturbances and reflexivity of human actions, agricultural systems are not easy to be understood, managed, and predicted. As a result, linear programming, multi-objective optimization and "command and control" approaches have generally failed in modeling and managing agricultural systems (Holling and Meffe, 1996) . At the same time, approaches that can maintain systems in a desirable state by means of maintaining and improving system resilience have received more and more attention (Walker et al., 2002) . Resilience research and management have therefore been increasingly of interest in the management of complex systems.
Resilience is defined as the size of the basis of attraction of the desirable state, or the amount of change or disturbance that system can absorb by one set of mutually reinforcing processes and structures without being transformed to a different set of processes and structures (Holling, 1973; Carpenter et al., 2001) . Resilience theory has been extended and developed for several decades. However, few practical methods and cases for applying this theory remain in real-world situations (Carpernter et al., 2001) . To apply the resilience theory successfully, Bennett et al. (2005) of the dynamic system model as a quantitative framework for conducting practical resilience research on real-world systems.
The North China Plain (NCP, 35° to 40.5° N, 113°t o 119.5°E), located in east China, is the second largest plain in China. NCP is China's most important agricultural centre, producing more than half of the country's wheat and one-third of its maize, making the status of its agricultural systems crucial to food security of China (Chen, 1999) . Decreases in agricultural income and grain yield, transfer of rural labor to city, shortage of water resources, are the main elements threatening the NCP agricultural production nowadays. How can agricultural systems of the NCP achieve continuing development by absorbing these disturbances now and in the future? The answer is of great importance to the agriculture in China and to the world (Brown and Halweil, 1998) . The objective of this study is to apply resilience theory to the analysis and management of agricultural systems of the NCP. To accomplish this, we constructed a dynamic system model of agricultural systems for the Luancheng County to obtain the resilience information through its behaviors and structure changes in the past. Using this model as a framework, two analyses acenarios were conducted to analyze the resilience of the agricultural systems in the future.
Material and Methods
The Luancheng County (37°412 343 -38°012 073 N, 114°282 253 -114°472 353 E) is located in the middle of NCP, southeast to Shijiazhuang (capital of the Hebei Province), and belongs to the Taihang piedmont plain (Figure 1 ). The elevation of the Luancheng County ranges from 45 to 65 m and its area is about 345 km 2 . There are two rivers in the county: the Xiao River and the Tuishui Ditch. The two rivers are all dried out and their main use is to drain sewage and storm water from the city of Shijiazhuang.
The crop schedule is dominated by dual-cropping system consisting of winter wheat and summer maize. Due to the climate change and interception by the upstream dams, many rivers become dried out, and the groundwater is the only water resource available for crop irrigation. The average annual rainfall in this area is approximately 500 mm (Zhang, and You, 1996) . The measured evapotranspiration (ET) of winter wheat and summer maize is about 800 mm (Wang, et al., 2001 ). And there is only 115.9 mm rainfall occurring during the growing season of the winter wheat which needs more than 453 mm of water to meet its need (Liu et al., 2002) . The great deficit between rainfall and crop requirement has to be met by irrigation from groundwater. The overexploitation of groundwater resources has resulted in the continuing decline of the groundwater table. The groundwater level declined from 3 -4 m in 1949 to 30 m below surface in 2000. Now, the decline rate of groundwater is about 1 m year -1 (Yang et al., 2006) . A comprehensive agricultural dynamic system model was developed using Vensim 5.6a during 1950 to 2000. Five components, crop yield, crop area, irrigation, profitability, and water resources were included in the model. Figure 2 is the fuzzy cognitive map of the model and shows the interaction between these components. The selection of these five components was based on a review of the dynamics of the agricultural systems as described below.
As early as in 1950s, there were abundant water resources in the Luancheng County, and the groundwater level was at about 5 m below soil surface. Most wells were built of brick and the power of the pumping facilities was low. One brick well can only provide irrigation water for an area of 1.7 ha farmland (Luancheng County Annals, 1995) . Due to the low irrigation capacity and frequent droughts, grain yields were very low and only two-thirds of arable land received irrigation. Planting systems were of one crop per year or three crops per two years. During 1960 to 1970, the irrigation capacity was greatly enhanced because drilled wells were substituted by brick wells. The increase in irrigation capacity ensured that all arable land in this area could be irrigated in dry seasons. The improvement of the irrigation condition resulted in a change of the crop pattern. The area of winter wheat and summer maize (Zea mays L.) increased rapidly. The cultivated area of crops with low yield decreased, such as cotton (Gossypium hirsutum L.), millet (Panicum miliaceum L.) and yam (Colocasia esculenta L.). The planting schedule changed to the rotation of winter wheat (Triticum aestivum L.) and summer maize gradually. At the same time, commercial fertilizer was introduced into the management practices in addition to the traditional animal manure, which greatly increased the grain yield.
By the end of 1999, the number of drilled wells had increased to 9,558 compared to 20 drilled wells in 1953. The drilled wells were distributed every 300 to 500 m (Lu et al., 2003) . Each drilled well can provide irrigation water for an area of 6.6 ha farmland. The improvement in irrigation capacity and the increase in cropping area speeded up the consumption of groundwater resources, which resulted in the continuing lowering in groundwater table (Yang et al., 2006) . Hence, drilled wells had to be drilled deeper, which increases the cost for agricultural irrigation, which in turn reduces the profitability of crop production.
For farmers, agricultural production is to meet their demands for cash and food. With the increase in population, more and more arable land was converted to urban land. The area of arable land for a farmer is too small to provide enough food and cash for his family. So, some farmers are renting their land to other farmers. Now, more and more rural labors transfer to the city for making a living. Agricultural production is now becoming a part-time job for farmers. It is possible that farmers will give up planting wheat when the profit decreased to zero.
In the model, the water resources component simulates the water balance and groundwater table dynamics. The irrigation component describes the irrigation capacity and irrigation schedule of crops. The component of crop yield modeled the wheat and corn yield by taking into account the irrigation capacity, groundwater resources availability, cropping system, fertilizers, variety, policy, and so on. The crop area component simulates the crop areas change during the simulation period, especially the effect of rural labor force transfer on cropped areas. The component of profitability estimates the profit of crop production.
The groundwater of Luancheng County is recharged by lateral flow, rainfall, seepage from rivers and return from irrigation. The isolines of groundwater are nearly perpendicular to the borders of north and south. The amounts of water flow into or out of the two borders were deemed to be negligible. Many researchers focused on calculating the amount of the lateral flow from the Taihang Mountain Jia et al., 2003; Huang et al., 2006) . In this model, the lateral flow is calculated by Darcy's Law. The southeast border is parallel to the isolines of groundwater. The hydraulic gradient is equal to the slope of the landform. Therefore, the flow out of the area is also calculated by Darcy's Law. The seepage rate from the Xiao River and Tuishui Ditch is set to be 35,000,000 m 3 year -1 (Jia et al., 2003) . Returned water rate from irrigation is also estimated. The groundwater is very deep. Therefore the groundwater evaporation is assumed to be negligible. Water pumped from groundwater is mainly for the use of agriculture, industry, living and stockbreeding. Each item of water use is calculated, respectively.
In the model, specific water yield of the aquifer is set to 0.16 (Jia et al., 2003) . Domestic water use is calculated by multiplying population and their water use ratio respectively. Water consumption of industry was estimated by multiplying the production value per US$ 1,471.00 by its water use. The data of industrial production and the number of livestock, such as cattle, pig, goat, chook and so on, came from statistical data. Water use by each kind of livestock was obtained from the Water Conservancy Office of Hebei Province.
The evolution of irrigation was caused by the enhancement of irrigation capacity with the increase in the number of wells. This has caused the change of the crop irrigation schedule in terms of irrigation time, number of applications, and irrigation volume (Fu et al., 2002) .
In NCP, the winter wheat growth stages receiving irrigation include planting, winter, seeding, turning green, jointing, heading, filling, and ripening , and the irrigation stages of summer maize include seeding and filling . In practice, some stages are bypassed if the capacity of irrigation is low or soil water is enough for crop demand. With the information of irrigation capacity, soil water content, meteorological data, drought menace and crop water demand, the irrigation schedule can be determined quantitatively as follows.
The quantity of crop water demand in different stages is calculated by multiplying crop reference evapotranspiration by the crop coefficient. Liu et al. (2006) found that the Hargreaves method is very suitable in NCP for its good agreement with observation. The equation of Hargreaves is shown by Equation (1).
where: ET 0 is reference evapotranspiration (mm month -1
); R a is extra-atmospheric radiation (MJ m -2 month -1 ); is latent heat of vaporization (MJ kg -1 ); T x , T n and T are the maximum, minimum and mean temperatures, respectively. The crop coefficients (K c ) of winter wheat and summer maize are provided by Cheng et al. (1994) and Chen (1995) .
The available soil water (ASW) (field water-holding capacity minus wilting point water content) of the top 2-m soil in month i is the sum of residual ASW in month i-1 and precipitation in month i. If ASW is greater than the crop water demand in month i, the irrigation will not be needed. After the deduction of crop water demand from ASW, if the ASW is still greater than its field water-holding capacity, the leakage to groundwater will occur. If the ASW is less than the crop water demand in month i, whether or not to irrigate is determined by the capacity of irrigation at that time. If the crop is irrigated, the water balance in the top 2-m soil will be calculated again. The irrigation amount in one time is set to be 60 mm (600 m 3 ha -1 ). The area of irrigable land is calculated by multiplying the well number with its irrigation capacity. So, the volume of irrigation water can be calculated with the information of irrigation schedule and the area of irrigable land.
The Cobb-Douglas production function, which has been used successfully in the analysis of input and output in various fields (Huang and Li, 2003; Xiao and Wang, 2004) , is applied to simulate the yield of winter wheat and summer maize. Five factors were used in the construction of the crop yield simulation function. They were total evapotranspiration of the crop (TEC), fertilizer, crop variety, drought index and policy. Among these factors, variety, drought index and policy are dummy variables.
TEC of winter wheat and summer maize is the summation of crop ET in its growing seasons. The amount of fertilizer (FERT) used by winter wheat and summer maize in history were obtained from statistic data of the Luancheng County. According to the historic information about crop variety (CV) it will add 1 after one change of crop variety. The crop drought index (DI) is calculated by equation 2.
where: ET ni and ET ri are water demand and actual ET of crop in month i, respectively (mm). Policy variable (PV) is set to 3 categories (0, 1 and 2) to represent 3 kinds of policies in the history of China. 0 and 1 represent the policy before and after the introduction of the household contract responsibility system, respectively. And policy variable 2 represents the stages with the mistake in policy, such as the institutional revolution.
Using the historical statistic data from the Luancheng County and other modeling efforts, the simulation equation of crop yield is determined by regression: 
Agricultural planting structure (APS) is the variety and area of a crop in one region. The evolution of ASP in the Luancheng County can be divided into two stages: before and after the introduction of the household contract responsibility system in 1981. The main objective of agriculture is to meet peoples' food demand at the first stage. By the end of 1970s, the issue of food supply had been resolved and more and more cash crops were planted. At the first stage, the main factors influencing the ASP are grain yield of the last year, self-support area of grain, and grain variety. Self-support area of grain is the grain planting area to meet the need of food, and is the threshold of food security:
where: GAPC is self-support grain area (ha); FDP is food demand per capital (kg); NP is the total number of population; YIELD is the crop yield (kg ha -1 ). Simulation equation of the winter wheat planting area at the first stage is shown as below:
where: AWHEAT is the area of wheat (ha); VWHEAT is the variety of wheat. The planting schedule is dominated by the rotation of winter wheat and summer maize. The increase of the winter wheat area will cause the increase of the summer maize area simultaneously. According to this relationship, planting area of the summer maize can be estimated. At the second stage, all the arable land is irrigable. Due to the rural labor transfer, labor-intensive crops, such as vegetables, cotton and so on, were not suitable for these families. What they are able to plant are winter wheat and summer maize which need little investment of work force. In addition, our investigation revealed that the increase in agricultural cost dominated by the irrigation fee can promote the planting of cash crops in families without labor force transfer. Cash crops area can be estimated by equation 7:
where: y is the ratio of cash crops (%); x is the groundwater level (m). Combined with the population data, APS at the second stage can be calculated. Rural labor force transfer is an important factor determining the cultivated crop area. According to the investigation, arable land per capita, level of mechanization and urbanization, and the difference between the average expense and agricultural income were selected to simulate the rural labor force transfer. The equations are as following:
Y 2 = 0.0497e 
where: Y is the ratio of rural labor transfer calculated by four factors (%).
Agriculture is an important source of farmer's income. However, due to the price fluctuation of grain and agricultural materials, it is difficult to measure and compare the change of agricultural profitability. For this reason, agricultural input and output are calculated according to the current market price. Labor investment is not included in the model. The inputs include irrigation, mechanization, pesticides, fertilizers, and crop varieties renewal. The outputs are grain yields only.
The cost of irrigation is dominated by the groundwater level. Survey data of irrigation costs in different groundwater levels was used to develop the relationship between irrigation water cost and groundwater level:
where: IC is irrigation water cost (Dollar m -3 ); WL is the groundwater level (m). Inputs for pesticide, fertilizer and crop variety were obtained from Luancheng County annals and current market investigation.
To calibrate the model, the simulated monthly wheat yield, maize yield, wheat area, maize area, groundwater table, and rural labor forces were compared with the observed data. When the calibrated dynamic system model was deemed to be good enough with determination coefficient higher than 0.88, another two scenarios were designed to explore the sensitivity of winter wheat irrigation in the agricultural systems. The base scenario is keeping the irrigation schedule as today's. The other scenario is to change the irrigation schedule of the winter wheat according to the ground water level.
For the simulation of the two scenarios, the time of the model was expanded to 2100. Meteorological data of each month for the model from 2001 to 2100 were the mean values calculated using those of 1991 to 2000, respectively. The resilient analysis was conducted for both historical periods and future period (2001-2100).
Results and Discussion
The model starts in 1950 and is designed on a monthly basis. The computed monthly groundwater level have a good agreement with the observed data (R 2 = 0.98, p < 0.01) - Figure 3 . The groundwater level had been declining since 1960s with the application of drilled wells. At the same time, the groundwater level fluctuated with the annual rainfall and higher rainfall can raise the groundwater level.
The simulation results of area and yield for winter wheat and summer maize are shown in Figure 4 . Tends of simulation results are consistent with those of historical data. The calculated determination coefficients for wheat yield, maize yield, wheat area, and maize area, were 0.89, 0.95, 0.92, and 0.96, which indicated that the mathematical model has explained the majority of the variations in the observed data. There is an obvious decrease and increase of yields near 1960 and 1980, respectively. The decrease in 1960 was caused by natural disasters which took place during the period 1959 to 1961, and the increase in 1980 was caused by the policy, the introduction of the household contract responsibility system in 1981. The simulation results of the summer maize plant area were influenced by the area of winter wheat and were in good agreement with observed data.
The rural labor force transfer is a very complex issue (Hu, 2007) . Generally, the model represented the historical trend of rural labor force transfer, with the calculation of a determination coefficient of 0.93 ( Figure 5 ). The high fit could be the result of using aggregated data.
Due to the lack of observed data, the agricultural profitability was not calibrated. The simulated wheat and summer maize profits are shown in Figure 6 . The increase of profit was caused by the continuous improvement of agricultural production conditions as mentioned before. In NCP, the growing season of summer maize coincides with the rain season. A small amount of irrigation can meet the water demand of summer maize. Therefore, the irrigation cost of the summer maize is much lower than that of winter wheat. This resulted in a higher income of the summer maize. In 1980, the Luancheng County was set as the base of grains (Lv et al., 1996) by the Government of the Hebei Province. The amount of wheat sold by per capita in Luancheng County has reached the peak in the Hebei Province for many years since 1980 (http://www.agri.com.cn/maps/ agri_com_cn_small_map_130124.html). The amount of wheat per capita rose to 260 kg in 1980, and then increased year by year until reaching 300-400 kg per capita, which matched the historical record (Figure 6 ). According to the description about adaptive cycle (Walker and Salt, 2006) , the agricultural systems of the Luancheng County went through a rapid growth phase from 1950 to 2000. They made use of a variety of available resources and gained rapid development. At the beginning of this period, agricultural systems are relatively independent, closed and weakly interconnected with other systems. Resources that were available for agriculture were abundant, such as cultivated land resources, water resources, labor resources and so on. As the early pioneer species in ecosystems, although with low production capacity, agricultural systems were unaffected by all types of resources and with a large room for development. Due to the lack of development and accumulation, agricultural profitability and food production were low and agricultural systems are still weak. This made the resilience of agricultural systems to stay in a low state.
External disturbances can make them degrade easily. For example, in the three-year natural disasters happened during 1959 to 1961, the grain production decreased considerably, and hunger made many people starve to death. Two kinds of resilience, which can make the agricultural systems degrade and develop, were in the state of confrontation. During this period, each kind of agricultural material invested in croplands, such Sci. Agric. (Piracicaba, Braz.), v.68, n.1, p.8-17 , January/February 2011 as fertilizer, irrigation, pesticide and so on, had positive marginal utility to agricultural profitability. This stimulated farmers to invest more agricultural material for more income. Agricultural systems were no longer a closed system. The connections with chemical, mechanical, electrical and other systems are increasingly strengthened. This led to the progressive realization of agricultural modernization.
With the accumulation of material and technology, resilience of agricultural systems was increased gradually. This was reflected by the significant increase of grain yield and agricultural profitability. The ability of agricultural systems to resist disturbance, such as natural disasters and price fluctuations, is enhanced. However, the development of agricultural systems also brought some gradually-increasing constraints to itself, such as the depletion of water resources, population growth, rural labor transfer, reduction of arable land and the dependence on fertilizer, pesticides, and so on, which will undermine the resilience for the agricultural systems to develop continually in the future. Fluctuations in the slow growth of agricultural profitability and grain yield at the end of this period mean the incrementally coming of a conservation phase.
To explore the possible future dynamic change of system behaviors, a base scenario that all model parameters remain unchanged, such as crop irrigation schedule, increase rate of population (4‰ in 2000) , price of all material, was proposed. The time of the model was expanded to 2100. The other scenario (scenario 1) is to change the irrigation schedule of winter wheat according to the ground water level. The groundwater table is continually declining at the rate of 1 m year -1 ( Figure  7 ). This will lead to the increase of the irrigation fee rapidly as shown in Figure 7 . Farmers will have no profit if they continue to plant wheat in 2081 as the model simulates. Meteorological data in this scenario are good for the growth of summer maize in terms of water. The water demand of summer maize can be met by precipitation only. Therefore, the income of summer maize will not change in the future.
Self-support area and planting area of wheat are indexes for the threshold and actual state of food security respectively. The planting area of wheat was greater than the self-support area since 1985 (Figure 7) . However, the increase of population required more self-support area of wheat to ensure the food supply and more arable lands to meet the housing demand, which will elevate the threshold of food security. All these factors make the supply of food fall short of demands in 2070. With the increase of the irrigation fee, farmers will plant more cash crops for more income (Figure 7 ). With the decrease in agricultural profitability, more and more labor will transfer out of the agricultural industry. The high ratio of rural labor transfer leaves fewer and fewer farmers to plant cash crops. Cash crop planting area has a turning point in 2070 and will decrease year by year after 2070.
From the point of view of profitability, the area of wheat should be zero when the profit of wheat becomes zero. The crop schedule dominated by winter wheat and summer maize will change to summer maize only. If this situation comes true, Luancheng will have to import grains for local residents instead of serving as a food base for China. However, the situation in the base scenario is not going to happen in the future. An investigation conducted in the Luancheng County showed that farmers will decrease the times of irrigation with the decline of ground water (Figure 8 ). Scenario 1 with the only change of crop irrigation schedule was investigated. The agricultural systems behaviors simulated by the model are shown in Figure 9 . The status of scenario 1 is more desirable than that of the base scenario. The declining rate of groundwater level is approximately 0.52 m year -1 and is much lower than 1 m year -1 at present. With the decrease of irrigation, the yield of winter wheat and the rate of increase in the cost of irrigation are reduced. The profit of wheat planting still exists at the end of scenario 1. This will be of great importance for the food security. The period with wheat planting area greater than self-support wheat area is prolonged to 2100. Duration of food security in scenario 1 is 30 years longer than that of the base scenario. In scenario 1, the cash crop area increases continuously from 2001 to 2100 as shown in Figure 9 . This means that the agricultural environment is suitable for cash crop planting, and farmers can earn more money after the adjustment of APS.
With the development of agriculture, limiting factors to agricultural systems are increased and the state of agricultural systems changed to a conservation phase. The increase in population requires more and more self-support wheat area to meet the food demand (Figures 7 and  9 ). The decrease in the difference between self-support wheat area and actual wheat planting area weaken the resilience of food security. The increase of agricultural cost undermines the profit of wheat planting. The wheat planting will be terminated once the cost of wheat production excesses the income of wheat. Irrigation agriculture will change to rain-fed agriculture. This means the disappearance of food security. Subsidy for grain planting was introduced by the Government of China to promote the food security. By subsidizing to maintain the system is a characteristic of the conservation phase (Walker and Salt, 2006) .
The longer the system is maintained in the conservation phase, the lower the resilience of the system will be. Through the simulation, we may find that a slight disturbance, such as markup of agricultural material, increase of irrigation due to drought, cut of wheat price, can make the planting of wheat unprofitable in the future. A little reduction of wheat yield will make it hard to meet the food demand of people. Meanwhile, the increase of agricultural cost and rural labor transfer reduce the farmers' option to plant cash crops for more profit. Like the biodiversity in ecosystems is important for securing multifunctionality as well as resilience (Gordon et al., 2010) , the disappearance of this kind of option is an indication of the decrease in resilience also.
The household contract responsibility system, created in 1953 and introduced all over the China, is a kind of the farmers' self-organization. This policy has promoted the development of Chinese agriculture greatly (Long, 2003) . However, the policy is unsuitable for the modern agriculture at present due to its small-scale production (Yin, 2001 ). The self-organizing ability of the system determines its capacity to respond to the stresses and shocks (Folke et al., 2007) .The farmers who transfer to cities lend their lands to the local farmers in the past years. This makes it convenient for the implement of agricultural modernization. Land per capita is less than 0.1 ha in the Luancheng County at present and will be less in the future with the increase of population. By land circulation, it will be possible for the farmers with large land to buy agricultural machines. This will decrease the cost of agricultural production and enhance the resilience of agricultural profitability.
The capacity to learn and adapt is very important to the systems coupled with the social system. By these capacities, agricultural modernization techniques including mechanization, irrigation, chemical fertilizers, and farm chemicals and so on were implemented. This enhanced the agricultural resilience to obtain development. However, people do not know all of nature. The unknown part will impair the resilience of system. There are two broken lines with "?" in Figure 2 : one is the feedback from groundwater level to irrigation; the other is from the agricultural material price to the agricultural modernization. Farmers only know how to increase yield by more investment, but do not know how to decrease cost when the price of agricultural material is too high. With the increase of the irrigation fee, what farmers can do is to reduce the number of irrigations. To cope with the markup of agricultural material, no measures can be put into practice due to the concerns of reduction in crop yield. Under this circumstance, the absence of necessary feedbacks will decrease the resilience of agricultural systems. For the lack of ability in the learning of new agricultural production techniques, some new technologies, such as precision agriculture, watersaving irrigation and soil testing and fertilizer recommendations, cannot be introduced widely. Agricultural resilience is undermined. According to the theory of the adaptive cycle, the agricultural systems of the Luancheng County, in the conservation phase at present, have three kinds of possible future: rapid growth and exploitation, collapse or release and reorganization. Clever managers often engineer this cycle in order to prevent a large collapse at the late conservation phase. That is, they avoid a release phase at the scale of concern (the whole agricultural systems) by generating release and reorganization phases at lower scales thereby preventing the development of a late conservation phase at the scale of concern (Walker and Salt, 2006) . Resilience-based system stewardship is a fundamental shift from steady-state resource management, which attempted to reduce variability and prevent change, rather than to respond to and shape change in ways that benefit society (Chapin III et al., 2009 ). Therefore, the agricultural systems should be reorganized partially to enhance their resilience, e.g. improvements on the agricultural techniques and establishment of training organizations.
Conclusions
Investments in agriculture enhanced the resilience of agricultural activities at the beginning phase. However, with the degradation of resources, especially water resources, the cost of agricultural production is too high to gain profit for wheat planting. The resilience of agricultural income is decreased gradually. The rise in population requires more self-support area of grain to meet the demand of food, which decrease the resilience of food security. The Luancheng County is at the phase of conservation, in the adaptive cycle at present. To enhance the resilience of the agricultural systems, partial adjustment should be introduced in the system to avoid its total breakdown..
